The pacemaker activity of Purkinje (PK) cells is usu ally suppressed by the sino-atrial (SA) node. Under abnor mal conditions, PK cells may produce ectopic focal activity leading to tachycardia andfibrillation. This computational modelling work illustrates the potential role of PK auto maticity as an arrhythmia mechanism in hyperkalaemia.
Introduction
Under normal conditions, the SA node is the prevail ing pacemaker of the heart. Abnormal automaticity occurs when other cells, like cells in the atrio-ventricular node or in the His-Purkinje conduction system, undertake the SA node function [1] . Under pathological conditions, the SA node cells may reduce their rate of spontaneous depolar ization. Even in the case of normal SA node functioning, some cells can develop rates of firing faster than that of the SA node. In particular, both reentrant-triggered and enhanced automatic rhythms can arise from the Purkinje (PK) fibre network, leading to ventricular arrhythmias [2] .
In this work we study the influence of hyperkalaemia (that is, an increase in the extracellular potassium concen tration [K+lo) in PK cells activity. Hyperkalaemia is one of the main physiological changes that occur in cardiac cells during acute ischaemia [3] , and has been confirmed to ISSN 2325-8861 873
be an important factor in the genesis of reentrant-triggered rhythms at the PK-myocardium interface, since it regulates the range of intercellular coupling in which unidirectional conduction blocks may be induced [4] .
In the present work we investigate the potential role of PK automaticity as an additional arrhythmia mechanism.
For our computational simulation study we use two hu man action potential (AP) models: the ten Tusscher and 
2.

Methods
First, the automaticity of isolated PK cells under hy perkalaemic conditions was investigated. Second, the ef fects of PK automaticity under hyperkalaemic conditions were explored in a I-D model of the PK-ventricle subsys tem. All simulations were carried out using the software ELVIRA [7] .
2.1.
Isolated Purkinje cells
The system of differential equations that govern the cel lular electrical behaviour according to the ST09 model [6] was solved by using forward Euler integration with a time Autorhythmic period 8 9 10 [1<'10 (mM) 
2.2.
I-D Purkinje-ventricle tissue
time (ms) Figure 3 .
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[K+lo in isolated PK cells. Traces were extracted from the last two seconds of each simulation and aligned for illustration purposes .
3.
Results
3.1.
Isolated Purkinje cells
The autorhythmic period of PK cells was strongly in 
3.2.
I-D Purkinje-ventricle tissue
In the PK-ventricle model, no automaticity was ob AP is generated at the PK end at t = 298.6 ms and travels forward (towards the myocardium).
4.
Discussion and conclusions
In this study we evaluated the effects of hyperkalaemia on PK automaticity. According to our results, mildly hy perkalaemic conditions may accelerate the rate of spon taneous discharge, while severe hyperkalaemic conditions seem to invert that tendency. This behaviour is consistent with some well-known effects of hype rkalaemi a on cardiac cells [9] . An effect of mild hyperkalaemia is to shift the resting membrane potential to a less negative value. Al though the threshold potential also becomes less negative, the magnitude of that change is smaller than the change in resting potential, so the net effect is to bring the rest ing potential closer to threshold potential, increasing cell excitability. On the other hand, the resting potential deter mines the number of voltage-gated sodium channels avail able for depolarization, which in turn determines the mag nitude of the inward sodium current at the onset of phase 0 and thus the AP amplitude. As extracellular potassium lev els increase, the resting membrane potential becomes less negative, reaching a point where the number of sodium channels available for depolarization severely decreases.
The changes in threshold potential now are comparable to the changes in resting potential, so the cell becomes less excitable than in mild hyperkalaemia. These differences in excitability together with the progressive diastolic depolar ization of PK cells may account for the differences in the autorhythmic period found in our study.
Our results on isolated PK cells showed changes in AP amplitude, RP and upstroke velocity that are consistent with the hypothesis above, and also with in vitro studies with human PK cells [10] . As a limitation, however, it should be noted that the changes found in APD are incon sistent with the literature [10, 11] , since a shortening of APD has been reported under hyperkalaemia. To inves tigate whether the mechanisms behind this disagreement could also be affecting the automaticity rate, we performed a sensitivity analysis by varying the conductances and time constants of all currents in the ST09 model within ± 30% of their default value, but we did not observe any direct relationship between changes in automaticity rate (mainly 
